An analysis is given of the decay τ → µ + γ in MSSM extensions with a vector like generation. Here mixing with the mirrors allows the possibility of this decay. The analysis is done at one loop with the exchange of charginos and neutralinos and of sleptons and mirror sleptons in the loops. It is shown that a branching ratio B(τ → µγ) in the range 4.4 × 10 −8 − 10 −9 can be gotten which would be accessible to improved experiment such as at SuperB factories for this decay. The effects of CP violation on this decay are also analyzed.
Introduction
Violation of lepton flavor is an important indicator of new physics beyond the standard model. In the absence of a CKM type matrix in the leptonic sector, flavor violations can only arise due to new physics and thus decays such as l i → l j γ (i = j) are important probes of new physics. We focus here on the decay τ → µ + γ on which Babar Collaboration [1] and Bell Collaboration [2] have put new limits on the branching ratio. Thus The current experimental limit on the branching ratio of this process from the BaBar Collaboration [1] based on 470fb −1 of data and from the Belle Collaboration [2] using 535 fb 
At the SuperB factories [3, 4, 5] (for a review see [6] ) the limit is expected to reach B(τ → µ + γ) ∼ 1 × 10 −9 as shown in Fig.(1) . Thus it is of interest to see if theoretical estimates for this branching ratio lie close to the current experimental limits to be detectable in improved experiment.
Here we explore this process in the presence of a new vector like generation in an extension of MSSM. Vector like multiplets arise quite naturally in a variety of grand unified models [7] and some of them can escape supermassive mass growth and can remain light down to the electroweak scale. Recently an analysis was given of the EDM of the tau in the framework of an extension of the minimal supersymmetric standard model with a vector like multiplets [8] .
Specifically mixing of the standard model leptons with the mirror leptons, and mixing of the sleptons with mirror sleptons, were considered and it was found that such contributions could put the tau EDM in the detectable range. Here we extend this analysis to investigate the contributions from a vector like lepton multiplet to the flavor changing process τ → µ + γ.
This decay is forbidden at the tree level due to vector current conservation and can only arise at the loop level. The current work is a logical extension of the previous works where mixings with a vector like multiplet and with mirrors were considered [9, 10, 8, 11, 12] .
Implications of additional vector multiplets in other contexts have been explored by many previous authors (see, e.g., [13, 14, 15, 16] ). Several studies already exist on the analysis of τ → µγ decay [17, 18, 19, 20, 21, 22, 23, 24] . However, none of them explore the class of models discussed here. interesting new physics arises when we consider the mixing of the first three generations of leptons with the mirrors of the vector like multiplet. Actually we will limit ourselves to the second and third generations since only these are relevant for the computation of the decay τ → µγ. Thus the superpotential of the model may be written in the form
whereψ L stands forψ 3L andψ µL stands forψ 2L . Here we assume a mixing between the mirror generation and the third lepton generation through the couplings f 3 , f 4 and f 5 . We also assume mixing between the mirror generation and the second lepton generation through the couplings f 3 , f 4 and f 5 . The above six mass terms are responsible for generating lepton flavor changing process. We will focus here on the supersymmetric sector. Then through the terms f 3 , f 4 , f 5 , f 3 , f 4 , f 5 one can have a mixing between the third generation and the second generation leptons which allows the decay of τ → µγ through loop corrections that include charginos, neutralinos and scalar lepton exchanges with the photon being emitted by the chargino (see the left diagram of Fig.(2) ) or by a charged slepton (see the right diagram of Fig.(2) ). The mass terms for the leptons and mirrors arise from the term
where ψ and A stand for generic two-component fermion and scalar fields. After spontaneous breaking of the electroweak symmetry, (< H
, we have the following set of mass terms written in the 4-component spinor notation
Here the mass matrices are not Hermitian and one needs to use bi-unitrary transformations to diagonalize them. Thus we write the linear transformations
such that
The same holds for the neutrino mass matrix
In Eq.(9) τ 1 , τ 2 , τ 3 are the mass eigenstates and we identify the tau lepton with the eigenstate 1, i.e., τ = τ 1 , and we identify τ 2 with a heavy mirror eigenstate with a mass in the hundreds of GeV and τ 3 is identified as the muon. Similarly ν 1 , ν 2 , ν 3 are the mass eigenstates for the neutrinos, where we identify ν 1 as the light tau neutrino, ν 2 as the heavier mass eigen state and ν 3 as the muon neutrino. Next we consider the mixings of the charged sleptons and the charged mirror sleptons.
The mass 2 matrix of the slepton -mirror slepton comes from three sources, the F term, the D term of the potential and soft susy breaking terms. Using the superpotential of Eq.(5) the mass terms arising from it after the breaking of the electroweak symmetry are given by
Similarly the mass terms arising from the D term are given by
In addition we have the following set of soft breaking terms
From L F,D and by giving the neutral Higgs their vacuum expectation values in V sof t we can produce the the mass
We label the matrix elements of these as (M
Here the terms M arise from soft breaking in the sectorẼ L ,Ẽ R . The other terms arise from mixing between the staus, smuons and the mirrors. We assume that all the masses are of the electroweak size so all the terms enter in the mass 2 matrix. We diagonalize this hermitian mass 2 matrix by the unitary transformationD
). There is a similar mass 2 matrix in the sneutrino sector. In the basis
we can write the sneutrino mass 2 matrix in the form (M The other terms arise from mixing between the physical sector and the mirror sector. Again as in the charged lepton sector we assume that all the masses are of the electroweak size so all the terms enter in the mass 2 matrix. This mass 2 matrix can be diagonalized by the
). The physical tau and neutrino states are τ ≡ τ 1 , ν τ ≡ ν 1 , and the states τ 2 , ν 2 are heavy states with mostly mirror particle content. Similarly µ ≡ τ 3 , ν µ ≡ ν 3 . The statesτ i ,ν i ; i = 1 − 6 are the slepton and sneutrino mass eigenstates.
Interactions of Charginos and Neutralinos
The chargino exchange contribution to the decay of the tau into a muon and a photon arises through the left loop diagram of Fig.(2) . The relevant part of Lagrangian that generates this contribution is given by
where
whereD ν is the diagonalizing matrix of the scalar 6 × 6 mass 2 matrix for the scalar neutrino as defined above. κ N , κ τ etc that enter in the equation above are defined by
In Eq.(17) U and V are the matrices that diagonalize the chargino mass matrix M C so that
The neutralino exchange contribution to the tau decay arises through the right loop diagram of Fig. (2) . The relevant part of Lagrangian that generates this contribution is given by
Figure 2: The diagrams that allow decay of the τ into µ + γ via supersymmetric loops involving the chargino and the sneutrino (left) and the neutralino and the stau (right) with emission of the photon from the charged particle inside the loop.
where as stated earlier τ = τ 1 and µ = τ 3 . In Eq.(20) C L and C R are defined by
whereD τ is the diagonalizing matrix of the 6 × 6 slepton mass 2 matrix.
and
and where the matrix X diagonlizes the neutralino mass matrix so that
). (25) 4 The analysis of τ → µ + γ Decay Width
The decay τ → µ+γ is induced by one-loop electric and magnetic transition dipole moments, which arise from the diagrams of Fig.(2) . In the dipole moment loop, the incoming muon is replaced by a tau lepton. For an incoming tau of momentum p and a resulting muon of momentum p , we define the amplitude
with q = p − p and where m f denotes the mass of the fermion f . The branching ratio of τ → µ + γ is given by
where the form factors F τ µ 2 and F τ µ 3 arise from the chargino and the neutralino contributions as follows
The chargino contribution F τ µ 2χ + is given by
The neutralino contribution F τ µ 2χ 0 is given by
The chargino contribution F τ µ 3χ + is given by
The neutralino contribution F τ µ 3χ 0 is given by
5 Estimate of size of B(τ → µγ)
In this section we give a numerical analysis of B(τ → µγ) for the model where we include a leptonic vector multiplet. As discussed in the previous sections the flavor changing processes 
For the sneutrino mass 2 matrices we have more input parameters,M N ,M ντ ,M νµ , A νµ , A N , A νe , m N , f 5 , f 5 . The chargino and neutralino sectors need the extra two parametersm 1 ,m 2 . In the analysis we will include phases since dipole moments are sensitive to phases (for a review see [25] ). Here for simplicity we assume that the only parameters that are complex in the above matrix elements are A E , A N , A τ , A µ , A ν , f 5 and f 5 which have the phases α E , α N , α τ , α µ , α ν , χ 5 and χ 5 . To simplify the analysis we set α ν = α µ = α τ = 0. Thus the CP violating phases that would play a role in this analysis are
With the above in mind, the electric dipole moments of the electron, the neutron and of the Hg atom vanish and we do not need to worry about them satisfying their upper limit constraints. To reduce the number of input parameters we assume equality of the scalar with other inputs as given in the caption of Fig.(3) . The branching ratio depends on the chargino and neutralino exchange contributions to F 2 and F 3 defined in Eq.(29) which depend on m 0 through the slepton masses that enter the loops. Fig.(4) gives an analysis of B(τ → µγ) as a function of |f 3 |, where f 3 is an off diagonal term in the mass matrix of Eq. (7), for tan β values as in Fig.(3) and the other inputs are as given in the caption of Fig.(4) . As in Fig.(3) one finds a sharp dependence on tan β. This dependence of |f 3 | arises since it enters in the matrix elements diagonalizing We discuss now the effect of CP phases on B(τ → µγ). As mentioned above the phases of Eq.(40) have no effect on the EDMs of the electron, on the EDM of the neutron or on EDM of the Hg atom and these phases only affect phenomena related to the second and the third generation leptons. In summary in the analyses presented in Fig.(3-7) , one finds that B(τ → µγ) can be quite large often lying just below the current experimental limits which implies that this part of the parameter space will be accessible to future experiments, specifically SuperB factories which can probe B(τ → µγ) as low as 10 −9 . We note that the flavor changing interactions of Eq.(5) also contribute to the muon anomalous magnetic moment g µ − 2 which is very precisely determined experimentally. This can come about by the exchange of a tau and a photon in the loop but since each vertex is one loop order, the contribution is three loop order which would be tiny compared to other standard model electroweak contributions. at 90% CL is the upper limit from BaBar (see Eq.
(1)) and the lower limit is the sensitivity that the SuperB factories will achieve. Thus it is very likely that improved experiment with a better sensitivity may be able to probe this class of models.
